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Plagiocephaly: Developmental and Medical Outcomes
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Jose Leonardo Puentes
Doctor of Philosophy, Graduate Program in Psychology 
Loma Linda University, August, 2002
Dr. Kiti Freier, Chairperson
Plagiocephaly, a condition that is observed by deformation of the head, comes as the 
result of different etiologies. The most serious involving premature fusion of one or more 
of the cranial sutures, a condition referred to as craniosynostosis. While children with 
craniosynostosis may be considered for developmental screening to determine whether 
they fall at risk for developmental delay, children with plagiocephaly are typically not 
seen as being at risk, their condition typically treated as a cosmetic problem. This study 
consisted of 85 children, 37 with plagiocephaly, 9 with craniosynostosis, and 39 non- 
clinical subjects. Results of this study suggest that children with plagiocephaly are at risk 
for neurodevelopmental delay. In fact, children with plagiocephaly were found to be at 
higher risk compared to children with craniosynostosis. Other outcomes are presented 
along with implications for additional research.
x
Introduction
Rapid acquisition of psychomotor, language (non-verbal/verbal), social and 
cognitive skills provide observable milestones that help identify a normal course of early 
infant development. The relative consistency by which these milestones are acquired 
allows for measurement of development by means of a developmental assessment or 
screening instrument. Assessments are generally used to determine the nature and extent 
of delay, whereas screeners are utilized to identify and/or monitor infants who are at risk, 
especially in clinical settings where limited resources do not allow for comprehensive 
developmental assessments. Accurate and early identification of children who fall at risk 
is critical, as appropriate and timely referrals for more in-depth assessment and/or 
intervention can be recommended.
Development is mediated by both biological and environmental factors that either 
contribute to, or inhibit a normal course of development. Biological risks tend to exert a 
greater influence in early childhood development, whereas environmental risks tend to be 
more influential in later development. However, the combination of both environmental 
and biological risks places the child at “double jeopardy”, thus increasing the likelihood 
of neurodevelopmental delay.
Plagiocephaly, a term used to define an odd shaped head, is a condition that can 
result from either environmental and/or biological risk factors. Because the nature of the 
plagiocephaly can have considerable medical and/or developmental implications, it is 
important to determine whether the plagiocephalic condition is the result of a synostotic 
or non-synostotic condition. Synostotic plagiocephaly (craniosynostosis) is a condition 
where one of the sutures in the cranium fuses prematurely, resulting in the development 
of an abnormal head shape. Without appropriate intervention, typically in the form of 
surgery, an infant is at considerable risk for neurodevelopmental delay. Non-synostotic 
plagiocephaly is also a condition that results in an abnormal head shape, however, this 
often comes as the result of an external force placed on the cranium either in utero and/or
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within the first few months after birth. However, while the resultant head shape in 
plagiocephaly may most often constitute a medically benign condition, there remain the 
potential for both environmental and/or biological risk factors that may also place this 
child at risk for neurodevelopmental delay. Unlike craniosynostosis, the developmental 
and medical outcomes of children with plagiocephaly are not as well studied.
This study compares the neurodevelopmental risk status, as measured by a 
neurodevelopmental screener, of children with synostotic and non-synostotic 
plagiocephaly. A non-clinical sample consisting of an age-matched control group is used 
to compare to the developmental risk status of children in the synostotic and non- 
synostotic groups.
Neurodevelopmental Risk Factors
Developmentally deviant trends are derived from the observation and measurement 
of a child’s course of developmental when compared to that of other normally developing 
children. However, inasmuch as the specific developmental course of a child is 
informative when attempting to ascertain the nature and extent of a developmental delay, 
the presence of neurodevelopmental risk factors bear considerable influence on the 
course of development. Neurodevelopmental risk factors can effectively serve to 
predispose a child to a specific or even generalized developmental delay. Because normal 
development is often predicated on the absence of neurodevelopmental risk factors, we 
begin by addressing neurodevelopmental risk, however, the subsequent section will 
address in more detail the parameters of normal child development.
The primary risk factors that affect the normal course of development can be 
summarized into three categories: established medical disorders and/or conditions, 
biological risk factors, and environmental risk factors (Aylward & Kenny, 1979). 
Established risks include medical disorders of known etiology, and whose effect on 
development is relatively well understood (e.g. genetically known syndromes, 
neurophysiological anomalies, organ-related disorders). The prenatal period is a critical
3
time to examine biologic and environmental risk factors to the mother and developing 
embryo/fetus. Generally speaking, biologic factors refer to the exposure to potentially 
noxious events whereas environmental factors refer to the aspects of the environment that 
may have a negative effect on a child’s development. The effects that these factors have 
on the course or quality of development are important.
Biological Risk Factors
Though there is susceptibility throughout the entire period of gestation for biologic 
risks, it is during the first trimester that the more serious damage can occur (Short- 
DeGraff & Palisano, 1988). Prenatal risk factors include nutritional health, occurrence of 
infectious events, ingestion of terotogens, reproductive history of mother, family history 
of genetic disorders and maternal health conditions. Many of these risk factors also 
extend into the perinatal and postnatal stages of development. For example, a breast­
feeding mother can transmit toxins to her infant through her breast milk, or a child bom 
with cerebral palsy will exhibit difficulty meeting developmental milestones, specifically 
those mediated by the sensorimotor deficits.
Though biological risks may be relatively easy to identify, the effect they bear on 
development is highly mediated or confounded by other factors. According to (Aylward, 
1993) factors that mediate the effect of biological risks include the age at which the child 
is being assessed, the type of outcome being measured (e.g. motor, cognitive, language), 
makeup of the population and the consideration of environmental risks. Among the 
biological factors that influence developmental outcome is the degree of perinatal 
complications, with a higher degree of perinatal complications generally resulting in less 
optimal outcomes. Though it is important to account for specific biological risk factors, it 
is also very important to consider that single biological risks are not, in and of 
themselves, predictive of developmental delay. In fact there is strong evidence to suggest 
that other factors (environment) bear significant influence as to the nature and extent of
developmental delay (Aylward, 1992).
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Environmental Risk Factors
The postnatal period is a time when events in the environment can interfere with the 
normal process of development. The construct of the environment is a difficult concept to 
operationalize, as there are multiple variables that interact in forming a child’s 
environment. Nonetheless, there are many factors that can contribute to what are 
currently considered to constitute environmental risks. When considering environmental 
risks, it is important to take into consideration both process and status factors to which 
the child is routinely exposed (Aylward, 1992). Process factors refer to those events that 
the child is likely to experience, and accordingly influenced by more directly. Included in 
process factors are things such as the child’s social support network including access to 
meaningful relationships. It could be posited that a balanced variety of experiences 
throughout development can contribute to building a strong fund of knowledge. 
Attachment is one of the processes that influences how a child seeks out to explore their 
environment and provides a strong foundation from which development progresses 
(Ainsworth, 1979). As such, it is reasonable to posit that factors in the child’s 
environment that interfere with the child’s ability to normally seek out experiences can 
result in adverse developmental outcomes.
Status factors refer to events in the child’s environment that tend to be experienced 
more indirectly. Such factors can include things like education, social class, and ethnicity 
as well as other factors that contribute to the experience of prejudice and/or stereotype. 
While both process and status factors can have a negative effect on the development of a 
child, it is important to consider that the accumulation of risk factors is considerably 
more predictive of poor developmental outcomes than any single, or isolated 
environmental risk (Aylward, 1992).
Measures of socioeconomic status (SES) have been used to help determine the 
effects that the environment has on a child. However, while SES remains a relatively 
stable variable over time, it does not present as a highly predictable variable in regard to
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developmental outcome. For example, some studies have suggested that both the child’s 
age at the time of exposure to the event and the consistency to which the child was 
exposed to the deleterious events can be considerably more predictive of developmental 
morbidity.
Inasmuch as biological and environmental risks influence the normal course of 
development, the extent, nature and timing of risk factors can also bear a differential 
effect, whether they are present during gestation or in the early years of development. 
Consequently, periods of development become another important factor for 
consideration.
Periods of Development
This study emphasizes the importance of developmental milestones within the first 
two years of life. The developmental periods that influence child development begins at 
the point of conception. At the point of conception the sperm and egg contain genetic 
material that bear some effect on the development during the course of gestation and 
beyond. Gestation is a period when the embryo and fetus are differentially susceptible to 
the effects of terotogens.
For the purpose of this study the periods of development will include perinatal, 
infancy and early childhood. Further, the perinatal period will include prenatal 
development, birth and the post-partum period. Infancy will be defined as the time period 
after the perinatal period and through approximately 15 months of age. The period of 
early childhood development begins after infancy and extends through approximately 5 
to 6 years of age. While this study will concern itself with children under 24 months age, 
the early childhood period of development is important in that this is a period of time 
when the child appears to be most affected by biological and environmental events. It is 
important to note that just as a child may be susceptible to biological and environmental 
events they are also likely to benefit from early biological and environmental 
interventions.
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The periods of development have in common processes that influence the course of 
development. Developmental processes interact with developmental periods in that 
developmental milestones generally follow a sequence or course that is both predictable 
and measurable. While there are variations in regard to exact times when developmental 




Neurobiological integrity refers to both the neurological and biological development 
of the child. For example, a child who is born with a genetic disorder such as Trisomy 21 
will assuredly have some degree of mental deficiency and as such will not be expected to 
follow a “normal” course of cognitive and possibly language development. However, this 
child may exhibit normal sensorimotor development. Conversely, a child with cerebral 
palsy may have the ability to acquire cognitive and language milestones normally, though 
the likelihood of normal sensorimotor development would be suspect.
As seen in the above examples, the ability that the human brain has to actively 
participate in the process of development is a critical variable to understanding normal 
human development. While brain plasticity continues to be an area of vigorous scientific 
research, the general consensus for the brain’s ability to retrain itself to overcome deficits 
is highest during the early years of life. In fact it has been postulated that the less 
differentiated brain, such as that of an infant or toddler, is particularly responsive to 
environmental influences (Dworkin & Glascoe, 1997).
The brain develops through a process that involves consistent activation of synapses. 
Synaptic proliferation occurs either by means of activating experience-expectant and/or 
experience-dependent synapses. Reactivation of synapses results in neurological growth 
whereas lack of activation results in a pruning-like process whereby the brain eliminates 
cells that are not being used (Carlson, 2001).
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Sensorimotor Processes
According to the Piagetian (Piaget, 1952) theory of infant development the 
sensorimotor stage extends through about age two and involves how the child coordinates 
sensation with physical movement. While this includes the observation of both receptive 
and expressive motor and sensory processes, this study will give primary attention 
expression of motoric behaviors that involve the senses of audition and vision (e.g. 
moving head towards sound, eye-hand coordination).
Motor skills are among the most observed milestones in early infant development, 
perhaps due to the implication it has on the development of the nervous system 
(Hermansen, Jensen, & Ibsen, 1985). The first motor milestones in infants are observed in 
the form of reflexes. Barring premature birth, all infants should display a consistent 
repertoire of reflexes. The first reflexes develop in utero and are typically present 
between the 8th and 12th week of gestation (Rosenblith, 1992). Reflexes are important 
because they serve as indicators of general neurological integrity and provide the 
foundation on which motor behaviors are built (Dixon & Stein, 1992).
Reflexes also follow a developmental course of emergence and disappearance that 
gives the practitioner clues as to the infants’ neurologic competence. While the presence 
of reflexes past their expected developmental stage may alert the practitioner to monitor 
for development delay, motor abnormalities may not be in and of themselves diagnostic 
and as such have a predictive value that is questionable (Aylward, 1995a). The 
developmental course of reflexes is a process that is characterized by an initial emergence 
followed by disappearance, which is followed by a volitional re-emergence (Short- 
DeGraff & Palisano, 1988). It is the volitional re-emergence that presents the need to 
account for the quality of motor function. As the infant progresses toward becoming a 
toddler, the mere presence of motor milestones is not sufficient to account for a normal 
course of development. There needs to be a persistent progression in quality as well as
8
quantity of movement, with each milestone following a logical sequence of prerequisite
skills that build on each other.
However, if motor deficits have little predictive value as to the course of future 
development, then why the emphasis on testing motor skills? In addition to providing 
insights as to the neurologic integrity of the infant, lack of motor skills may suggest that 
the infant is having problems adjusting to their environment or may be under-stimulated. 
Take for example the case of an infant that does not spend adequate time in the prone 
position. Upon examination, tmnkal tone may be found to be weak which, in turn may 
contribute to an inability to sit without support by an expected age. If the caretakers are 
also failing to take the time to play with her, she may likely test at high risk not because 
of congenital problems, but rather due to the paucity of environmental stimulation. These 
inferences are drawn from observation of motor development and are critical in 
identifying children that fall at risk.
Motor development occurs in a logical progression that adheres to certain principles 
(Dixon & Stein, 1992; Short-DeGraff & Palisano, 1988). These principles are presented 
as a guideline for making qualitative observations of motor development. The 
cephalocaudal principle proposes that motor control follows a course of development 
that proceeds from head to feet. In this progression an infant develops muscle control of 
head, then trunk, followed by limbs of upper extremity and finally lower extremity with 
ankle and foot control being the last to develop.
The proximal-distal principle proposes that control of proximal muscles precede 
control of distal muscles. This can be seen in the example of reach- to grasp where it is 
seen that the infant first gains control over reach functions prior to gaining control of 
grasp. Similarly, in the example of walking the infant must first gain muscle control of 
hips, then legs and finally ankle and foot.
The automatic-voluntary principle proposes that movement progress from 
involuntary or automatic movements (reflexes) to voluntary or volitional movements. As
9
the nervous system matures, inhibitory processes emerge which allow for voluntary 
control that become increasingly less susceptible to automatic or reflexive responses. 
This progression is typically marked by a gradual disappearance of reflex responses that 
are replaced by increased voluntary motion.
The stability-mobility principle posits that postural stability precedes mobility. This 
principle can be observed in an infant who is gaining control of the sitting position. First 
the infant must stabilize sitting before it can begin to move to grasp objects within reach. 
Similarly, stability in rocking precedes crawling and creeping movements, and standing 
precedes walking.
The unrefined-refined principle is observed in how infants gain quality of muscle 
control. When a motor behavior is first exhibited the motions are awkward and
inefficient. With practice and maturity of the neural area, the movements become more 
refined and efficient. The reach and grasp motion is one where this progression is easily 
observed. Initially the reach is clumsy and there is a propensity for the infant to under or 
over-shoot the intended target. The motion for grasping initially occurs in a raking 
fashion which is then replaced by a palmer grasp before the infant progresses to a fine 
pincer grasp where the pads of the thumb and index finger are used to attain small objects 
such as a raisin or pellet.
Even though motor development is a good way of monitoring neural maturity, there 
are limitations as to its predictive value. This holds especially true if using motor 
development as a predictor of future cognitive functioning (Crowe, Deitz, & Bennett, 
1987). However, while motor functioning in infancy may not be a good predictor of 
future cognitive functioning, it remains a useful measure for monitoring how an infant is 
progressing developmentally (Drillian, Pickering, & Drummund, 1988; Maisto &
German, 1981). Furthermore, it may be useful in providing insights as to how the infant 
is functioning in other developmental areas (Aylward, 1995a, 1996; Phatak, Barve, & 
Pajnigar, 1988). Fine and gross motor skills require rehearsal in order to improve,
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especially in qualitative measures. Consequently, children who fail to progress in motor 
development may also have difficulty performing tasks that are instrumental for cognitive 
(e.g. fine motor skills such as writing, drawing, putting puzzles together, etc...) and 
social (e.g. running, playing on playground equipment, coordination for organized group 
sports) development.
Language Processes
Early language development is observed and assessed by means of receptive and 
expressive functions. Language development is sensitive to individual temperament, 
family environment and cultural customs. Language is most often the primary means by 
which individuals communicate and serves as the foundation for social interactions.
Language is also the foundation from where cognitive development and thinking emerges 
(Spreen, Risser, & Edgell, 1995). However, in order for expressive verbal language to 
develop appropriately the infant must have normal intellectual ability, normal structure 
and functioning of the oral-facial mechanism, and normal hearing (Sussman, Holt, Stone,
& Ritter-Schmidt, 1992).
Vocalizations occur early in the infant’s life and come in the form of differentiated 
crying. Even when the infant is days old, there are distinctive qualities to its cry that 
suggest a purposeful function (Holt, 1991). While age level for developmental milestones 
across multiple domains are subject to individual differences, language is one area where 
the range of age at which skills are attained is highly varied. Consequently, the following 
course for language development is presented as a rough outline synthesized from various 
sources (Brazelton, 1992; Crow & Crow, 1962; Dixon & Stein, 1992; Holt, 1991; Levine,
Carey, & Crocker, 1992; Rosenblith, 1992; Spreen et al., 1995; Sussman et al., 1992).
The role that communication plays in the development of the infant is important in 
that it facilitates interaction and integration into the infant’s environment. From early on 
in development, infants need to find ways to get their needs met. Within the first month 
of development the infant turns its head towards and quiets motor activity to sound and
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makes needs known primarily through differentiated crying. The tone and quality of the 
infants cry is different when it is expressing hunger versus pain. During months 1 through 
4 the infant is able to produce vowel sounds, initially with hind mouth vowels. During 
this period the infant also begins to coo and exhibits more movement of the tongue and 
lips. Attention to sound is also increased during this period. In fact, reciprocal 
vocalizations are often exhibited during this time.
Months 5 through 8 are marked by increased abilities in receptive and expressive 
language. The infant is better able to recognize familiar words (e.g. name, bottle) and 
begins to associate words with activities (e.g. taking a bath). Expressive language also 
increases during this period and is exhibited through clear babbling. By 8 months the 
infant can articulate four clear syllables. During this period the infant shows more 
volition in attracting attention by making sounds. These are most evident when the infant 
is expressing pleasure or displeasure in activities.
Months 8 through 12 are marked by a significant increase in receptive 
communication. During this period the infant begins to respond to simple verbal 
commands (e.g. “touch your nose”, “wave bye bye”). It is during this period that the 
infant also begins to imitate words and sounds and will begin to use words like “da-da” 
and “ma-ma” with accuracy. By the end of the 12th month, the infant should have a 
vocabulary of at least four words.
Months 13 through 18 are marked by a persistent expansion in receptive and 
expressive communication. During this period the toddler is able to understand words 
outside of routine contexts and is able to understand simple commands (e.g. “go get your 
blanket”). By the 18th month the toddler should have an expressive vocabulary of at least 
10 words. The toddler primarily communicates by use of single word utterances.
Months 18 through 24 see a relatively large explosion in the functional use of 
language. In the receptive domain of language the toddler now begins to associate words 
to objects that are not in sight. Also the toddler begins to understand the inflections of
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speech that require reciprocation for communication as well as respond to simple 
questions with more accuracy and consistency. Acquisition of receptive language is 
evidenced by the toddlers’ ability to point to pictures or specific parts of pictures on 
command. Additionally, the toddler is able to follow sequential single step commands. 
Expressive vocabulary during this period explodes in acquisition of words as well as in 
the use of words. Once the toddler has a vocabulary of approximately 50 words, two 
word combinations begin to emerge (Dixon & Stein, 1992). Use of phrases and 
telegraphic speech also increase during these months. During this time the toddler’s 
vocabulary will increase from 10 words to 50-75.
Failure or delay in acquisition of language can have far reaching effects in the 
development of a child. Language is critical in moderating social development and is 
primary for progressive acquisition of cognitive skills. Language disorders are classified 
as either the failure to acquire language, delay in the acquisition of language, or complete 
loss or reduction in the use of language (Spreen et al., 1995). While a causal relationship 
between spoken language and cognition has not been established, the implications for 
understanding the nature of delay in the domain of language is important if the child is to 
progress through a normal course of development. In fact studies on children with autism 
suggest that children who developed early language skills generally have better cognitive 
and social outcomes after treatment compared to those with lower language abilities
(Lovaas, 1987; McEachin, Smith, & Lovaas, 1993).
Cognitive Processes
Cognitive development refers to the construct of knowing or thinking, which, in 
turn, incorporates a broad range of abilities including memory, perception, attention and 
problem solving (Spreen et al., 1995). Cognitive ability is also believed to moderate other 
things such as capacity for and rate of learning. The term “intelligence” is another term 
that is often used to refer to general cognitive functioning. Like other domains, cognitive 
development follows a general sequence that is cumulative in nature. Given that
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cognitive functions originate in the brain, inferences of cognitive development can be 
drawn in early infancy by the presence and quality of reflexes and early signs of 
socialization.
Dixon & Stein (1992) propose that cognitive development from birth to 24 months 
occurs in a series of stages that are progressive. The first stage covers ages birth to one 
month and involves the expansion of reflexes. During this time the infant is 
predominantly occupied by learning how to breast or bottle feed. Gaining control of 
reflexive actions during this stage is largely dependent on the maturation of the infant’s 
nervous system. Ability to hear sounds and recognize familiar voices can suggest 
appropriate maturation which contributes to cognitive development.
The second stage covers months 1 through 4 and continues to emphasize maturation 
over reflexive actions. It is during this period that the infant begins to gain control of 
reflexive actions by starting to initiate volitional movements. These volitional movements 
are what begin to suggest the presence of thinking and perhaps early manifestations of 
memory (e.g. sucking thumb and repetition of other pleasurable activities). Recognition 
of social events such as taking a bath or being picked up are also evident during this stage 
of cognitive development. Attention skills are also improved during this time and is 
evidenced by the infant’s ability to continue tracking for longer periods of time.
Stage three covers months 4 through 10 and marks the development of cause and 
effect. During this period the infant begins to engage in behaviors such as banging, 
making noises for the purpose of gaining attention, and begins to show signs of more 
purposeful play. Diminishing reflexive responses give way to more voluntary and 
purposeful movements that assist the infant in exploring more aspects of the immediate 
environment. It is during this period that object permanence begins to emerge. Continued 
development of memory are exhibited by the infant showing definite preference for toys 
and objects, and towards the end of this stage, familiar people.
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Stage four encompasses months 10 through 13 and may best be summarized by the 
emergence of generalization skills. It is during this time that the infant begins to apply 
acquired skills to new situations. The infant begins to understand and cooperate with 
dressing tasks, is more responsive to imitation and continues to establish preferences for 
objects in its immediate environment. The emergence of language enhances cognitive 
functions in that words begin to replace or enhance gestural communication. During this 
period the infant also begins to understand the rules of simple reciprocal games such as 
peek-a-boo and pat-a-cake.
Stage five covers months 13 through 18 and is described as a period where new 
behaviors are applied to new situations. The application of problem-solving is more 
evident during this time and can be seen by the toddler looking for ways to make toys 
perform (e.g. finding the winding part of the toy). Attentional skills and memory are 
markedly improved as the toddler is able to retrieve books and toys from familiar places, 
and will continue to search for a toy that has been hidden. Improvements in fine motor 
control allow the toddler to explore the mechanics of toys and the ability for stacking and 
playing with form boards can also be observed at this time. Memory and learning are also 
observed during this period and are evidenced by the toddler learning to point to new 
body parts and even point to some familiar pictures upon command.
Stage six goes from months 18 through 24 and is laden with exploration of the 
environment. Preferences are increasingly communicated through use of spoken language 
and imitation of other children. Many skills are increased during this period through the 
observation and imitation of other children. Discovery through experimentation is 
another hallmark of this stage. Memory is evidenced during this period by the toddler 
engaging in imitation of events that happened in the past. Emergence of imaginative play 
also are observed during this period of development.
Communication and motor skills also mediate cognitive functioning, given that the 
infants ability to actively participate within its environment is critical to the rehearsal and
15
acquisition of necessary skills. Additionally, biologic and environmental risk factors also 
moderate development of cognitive skills (Aylward, 1993, 1995a, 1996). Additional 
studies have suggested that while biological factors often determine the presence of a 
developmental risk, barring severe dismption to the central nervous system, it is the 
environmental risks that often determine the extent to which such delays are exhibited
(Aylward, 1996; Hunt, Cooper, & Tooley, 1988; Kopp & Kaler, 1989). However, while
no single biological or environmental risk factor is in itself predictive of delay, the 
accumulation of risk factors are indeed contributors to developmental morbidity
(Aylward, 1996).
Socioemotional Processes
As the infant progresses in its development it responds to social smiles, facial 
expressions and other social rewards. As the infant matures it begins to associate spoken 
words to specific objects and then continues to interact within its environment. Personal 
and social development is highly mediated by the infant’s ability to communicate and 
express its needs. This includes initiating social contact with peers which later involves 
sharing and acting out of ideas. The infant also utilizes language to progress in the 
acquisition of psychosocial skills.
One of the hallmarks of human development is that quality of development is highly 
mediated by social interaction. Studies have suggested that early parental interaction 
patterns have proven to be critical in the quality of the infants course of development. 
Positive parent-infant interactions provides foundational skills which assist the infant in 
progressing through the developmental milestones. For this reason, one of the critical 
assessments in determining environmental risks involves family and environmental 
dynamics. Dolger-Hafner, et. al. (1997) acknowledge that parent-infant interaction is 
important to the development of infants, however, they suggest that parental support 
systems moderate the quality of this interaction. They propose that mothers who
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experience a stronger social support system have better interactions with their infants as 
compared to mothers who report having a lesser social support network.
Development of social interaction is present early in the life of the infant. Infants and 
toddlers acquire these skills through subtle social reinforcement from their environment. 
Like other developmental skills, socialization skills develop sequentially. The early stages 
of socialization begin with mother-infant contact, a contact that begins to form the 
foundation from which the infant will conceptualize social interaction (Levine et al., 
1992). Environmental factors (e.g. financial worries, marital discord, substance abuse) 
including maternal depression (Field, 1994, 1998) contribute to disturbance in acquisition 
of socialization skills. In the normal course of development, the infant experiences the 
world through the relationship with the mother figure (Chodorow, 1978). Bowlby (1969) 
refers to the process of attachment as behavior directed to the mother that is intended to 
bond the mother to the child. Attachment is an ongoing process that influences the 
infant’s confidence in relating to his world (Thomas, 1984). There is evidence to suggest 
that attachment that is either weak, anxious or insecure may predict developmental 
problems (e.g. cognitive, psychosocial) in the future (Stoudemire, 1994).
Between the 1st and 2nd month the infant begins to exhibit a responsive smile. 
Responses to social interaction include quieting during cooing or while being rocked. 
During months 3 and 4 the infant is more aware of the immediate environment and can be 
seen to respond by crying when the adult leaves the room. Also the infant expresses 
pleasure in routine activities such as bathing. At this time the infant also exhibits 
anticipatory excitement to adult interaction (e.g. anticipation to being held or fed). The 
infant is more familiar with being handled can be seen shifting position in anticipation of 
being held or picked up.
Months 5 through 6 are marked by increased awareness of the social environment. 
The infant is now able to distinguish between familiar and unfamiliar people and will 
make gestures (e.g. holding up arms) to be picked up. Where the infant may have been
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comfortable being held by different people, the infant may now respond with displeasure 
at being held by persons that are not familiar.
By 9 months the infant is able to identify itself in the mirror and enjoys frolic play. 
During this time the infant may cry if attention is being paid to another child. The 
development of object permanence also allows the infant to begin to understand the 
absence of a parent. Also during this period the infant can begin to show attachment to a 
transitional object, an attachment that can help the infant cope with separation from 
parent.
The 12 month old infant is socially aware of others, including other children, and 
will be more likely to seek out attention. During this time the infant may repeat certain 
behaviors that elicit laughter form surrounding adults and can engage in simple games 
that require reciprocity (e.g. peek-a-boo and pat-a-cake). By this age the infant has also 
acquired a few words and may engage adults and other children socially by utilizing these 
words, sounds and/or gestures. This communication becomes purposeful and begins to 
form the foundation of verbal social interactions.
The period between 12 and 18 months is typically where the transition from infant to 
toddler has taken place. The toddler continues to engage in imitation, and due to 
increased mobility and language skills, is able to engage his environment more 
successfully. The toddler also begins to be more independent in feeding and play, but will 
likely require that a familiar adult remain in close proximity. Individual differences in 
social temperament become more evident at this time (e.g. toddlers that prefer solitary 
play versus interaction with peers).
By the time the toddler reaches the age of 2 years, the onset of social interaction 
often reaches a point of crisis. This is the time-period that is commonly referred to as the 
“terrible two’s” (Brazelton, 1992). The characteristics of this period usually involve an 
increase in social and cognitive awareness that results in the infant wanting to engage in 
activities or tasks which it is unable to do so successfully. Lack of delayed gratification
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contributes to this behavioral phenomenon of the terrible two’s. During this time the 
toddler may want to play with a toy in a particular way, but lack the fine motor skills to 
accomplish this task in a timely manner, or at all, resulting in an outburst of frustration. 
The same may be observed in the toddler wanting to communicate wants, or perhaps 
needs, but not being able to do so effectively. Parenting during this period of time usually 
requires loving but firm limit-setting that enhances the toddler’s ability to gain in 
independence.
Implications
As was discussed above, the first few years of life are characterized by complex 
developmental processes that begin in utero and continue to unfold from birth. These 
processes of development are highly mediated by environmental factors or conditions 
that interact with biological factors that either ameliorate or exacerbate developmental 
deficits in children (discussed earlier in this proposal). Children who present with a 
combination of environmental and biological risk factors are at considerably higher risk 
for neurodevelopmental delay. Providing families with direction on how to navigate 
through the course of development is an important component to early intervention. The 
impact of this type of early intervention is even more significant for families who 
encounter problems or circumstances that place their child at risk for neurodevelopmental 
delay (Kruskal, Thomasgard, & Shonkoff, 1989). One recent study suggests that when 
intervention is provided to at risk infants, their motor and mental outcome scores 
improved compared to same aged peers with commensurate risk factors who did not 
receive early intervention (Field et al., 2000).
Identifying a child in need of early intervention is indeed a driving force behind 
early identification. Given the higher degree of brain plasticity in the first few years of 
development it is important to continually monitor children who may fall risk for 
neurodevelopmental delay. The likelihood of neurodevelopmental risk can, at least in 
part, be identified through methodical screening using developmental processes as
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observational guidelines. Implications for intervention are also important to consider, not 
only due to the potential for improved outcomes but also to support the need for more 
routine screening of children who may fall at risk.
If loss of function predisposes an infant to be at risk for developmental delay, then it 
should follow that a paucity in the acquisition of function equally, if not more so, subjects 
an infant to delay especially in the absence of intervention services. For example, lack of 
ability in fine motor play will prevent a child from developing exploratory skills that are 
critical for acquisition of subsequent motor and cognitive abilities (Spreen et al., 1995). 
But if parents or primary caretakers are not able to identify the needs of a child who is 
developmentally at risk, then this child will not have the adaptations in his environment 
necessary to adequately overcome his deficits (Affleck, Allen, McGrade, & McQueeney,
1984).
Infants who fail to progress in their development are often targeted for early 
intervention programs aimed at ameliorating the effects of developmental delays in later 
life. As previously discussed there are environmental and biological factors which also 
predispose infants to be identified as falling at risk for developmental delay (Aylward, 
1995a, 1996). The question is then whether early intervention or prevention is warranted 
to address the observed environmental and or biological risks. Early intervention 
programs were founded on the tenet that increased environmental stimulation would 
result in improved developmental gains (Dworkin & Glascoe, 1997), thus improving 
developmental outcomes, particularly for children who present with an accumulation of 
risk factors.
Early intervention implies that learning is taking place at critical time periods. 
Consequently, an early intervention program, by definition, is a program where the child 
is actively participating in learning tasks. Such a program will seek to present tasks to the 
child that are of moderate difficulty in a manner that teaches the child how to gain 
mastery over the intended task. As the child gains mastery he is allowed to repeat the task
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in an effort to foster a sense of inner competency. In this manner the child is 
progressively provided the opportunity to master developmental milestones thus 
ameliorating the effects of the developmental delay, the etiology of which may be either 
biologic or environmental.
Screening versus Assessment.
As discussed here, the implication for early detection of children who fall at risk for 
developmental delay is beneficial. However, in order to make referrals to early 
intervention programs it is critical to accurately identify infants who are truly at risk for 
delay. Unfortunately the process for early detection of infants who fall at risk is not so 
unequivocal. Serious limitations exist in regards to the use of and interpretation of 
screening and assessment instruments. A practitioner with working knowledge of what 
constitutes normal progression through the aforementioned developmental processes is 
able to appreciate deficits in the acquisition of critical milestones that can place an infant 
or toddler at risk for developmental delay. However identification of these children 
should utilize measures that accurately identify the determined risk factors. The question 
then is what constitutes a necessary and sufficient approach to identify infants and 
toddlers that fall at risk for neurodevelopmental delay?
To this end, the use of formal standardized measures is imperative so that children’s 
performance can be compared both between and within peer groups. Measures that assess 
performance of infants and toddlers are uniquely qualified to address the complex and 
variable functions exhibited by children in identified age ranges. Early child development 
does not follow a homogeneous course, consequently developmental measures must be 
able to make provisions for individual variations while still accounting for critical 
deviance which may be indicative of delay (Bayley, 1969, 1993). Developmental 
measures can include assessment, screening and surveillance instruments that can be 
administered individually, via parent-report or as a combination.
21
Comprehensive assessment measures such as the Bayley Scales of Infant 
Development (BSID-II) have been documented to be well suited for establishing the 
presence of delays or deficits in a child (Bayley, 1993). However, while there may be 
evidence that delay is present the results of assessment measures are not necessarily 
diagnostic. For example, if an infant fails most of the language items, it is clear that there 
is a strong probability of delay but not a clear understanding as to the extent or even the 
nature of the delay (Bayley, 1993). However, results of assessment are definitive in being 
able to make recommendations for needed intervention given that the existence of delay 
was ascertained (Aylward, 1995a). While a comprehensive measure such as the BSID-II 
can be helpful in determining current developmental status as to whether an infant has a 
neurodevelopmental delay, administration of such a measure can be costly and time- 
consuming.
When the time of administration and costs is a serious consideration, then the use of 
screening instruments is useful in being able to reduce the number of subjects to which a 
comprehensive assessment will need to be conducted. However, as is the case with 
assessment measures, real consideration needs to be given as to who is qualified to 
administer and interpret the results of these instruments. There are also serious 
methodological and practical concerns when using screening measures.
Screening instruments are often used in lieu of more comprehensive assessments in 
situations, typically in clinical settings, where time and/or financial resources make 
administration of comprehensive developmental assessments prohibitive. Most 
developmental screeners can be conducted in less than 20 minutes and its procedures for 
administration are relatively easy to learn. Unlike comprehensive developmental tests, 
screening instruments select few items that have high discriminative value from which 
inferences of delay can be reasonably obtained. The risks involved in this method of 
testing can be significant and as such warrants serious consideration prior to selecting a 
specific instrument. As is the case with assessment, the use of screening instruments
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yields four potential outcomes. First, the identification of those infants who are detected 
to fall at risk and indeed are at risk. Second, the identification of infants who are detected 
to fall at risk but do not. Third, the identification of infants who are not detected to fall at 
risk and indeed are not at risk. Finally, the identification of infants who are not detected 
to fall at risk when in reality they are at risk (Aylward, 1994).
It could be stated that the gold standard for all infant screening measures is to 
accurately detect all infants who fall at risk for delay without under or over-identification. 
The costs of over-identification of infants at risk can be costly and can ultimately result in 
the elimination of a vital service program. For example, if the screening measure is used 
in order to determine which infants are in need of an early intervention program that has 
limited space, over-identification of infants who fall at risk will result in numerous 
referrals to a program of infants who are not truly in need of the service. Furthermore, if 
this identification also is utilized to determine eligibility for additional assessment, then 
the cost of conducting comprehensive assessments on infants that do not need the service 
can be prohibitive.
While this scenario is costly, the more detrimental outcome is under-identification of 
infants who are truly at risk. Given that early intervention programs have proven to 
ameliorate the effects of early developmental delays, the cost of not referring an infant 
who is in need of this type of service can result in the need for on-going services 
throughout the course of the child’s life, as well as increase the risk that the infant will 
fail to compensate for the developmental losses.
In addition to their inherent risk of over or under-identifying infants who are at risk, 
screening tests also have the problem that they are not in and of themselves diagnostic. 
This means that when an infant is subjected to a developmental screener and fails to pass 
one or more domains, the results need to point towards additional assessment and/or 
monitoring. Diagnostic impressions that are solely based on the administration of a 




and multidimensional, a process in which screening should have a significant but non­
definitive role. Nonetheless, screening is an effective means by which to identify children 
that are truly at risk, and this process, while not diagnostic is an important step to 
referring those children who would likely benefit most from more assessment.
Ideally, the purpose of assessment is not so much to identify infants at risk, but rather 
to synthesize information from a variety of sources to determine the existence and/or 
extent of a developmental delay or problem (Aylward, 1997). Assessment also provides 
practitioners with the necessary information to determine whether a developmental delay 
is present and if so to what extent.
The use of screeners in medical settings is especially important, particularly when 
considering the time constraints and reimbursement issues involved when conducting 
comprehensive developmental assessments. A study conducted on children with clefts, 
utilized the BINS to determine if this instrument accurately identified those children who 
were tmly at risk. The results of this study suggest that when strict criteria for referral is 
used, the BINS can be a highly effective and valid instrument for identifying children 
who fall at risk (Puentes & Freier, 2001).
It is well understood that the use of a screening instrument will not provide data that 
definitively determines whether an identified population, such as the one proposed in this 
study, is indeed at risk for neurodevelopmental delay. However, it reasonable to evaluate 
the outcome data of screenings to determine whether there is a trend that supports the 
potential for neurodevelopmental delay, and thus provide a venue for the provision of 
additional assessment and or services, as warranted.
The intent of this study is to consider the neurodevelopmental risks of a population 
of children that are not routinely provided with neurodevelopmental screening or 
assessment services. This current practice is problematic in that the lack of screening is 
largely the result of a paucity of data addressing the potential developmental risks for this 
group of children. The purpose of this study is to analyze existing data from
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neurodevelopmental screenings of children who presented to a craniofacial clinic with 
synostotic and non-synostotic plagiocephaly to determine whether these children present 
with higher incidence of neurodevelopmental risk when compared to a non-clinical 
sample of same aged peers.
Plagiocephaly
Plagiocephaly is literally translated from the Greek to mean “oblique head”
(plagio=oblique: cephale=head). and has typically been used to describe the observed 
asymmetry of the head when viewed from the top. Plagiocephaly however, does not 
represent a homogenous population given that this condition comes as the result of 
different biological and/or environmental etiologies. The most clinically significant 
distinction to make in regard to a child with plagiocephaly is to determine whether the 
observed deformity is considered to be synostotic or non-synostotic in nature, the latter 
having been regarded as a benign condition. However, deformation that comes as the 
result a synostotic condition, can have serious effects on how the brain develops as it 
expands. Craniosynostosis, the primary synostotic etiology will be the only synostotic 
etiology addressed in this study and is covered in more depth later in this chapter.
The most common occurrence of non-synostotic plagiocephaly is typically 
associated with torticollis and this combination is observed to occur in approximately one 
in every 300 live births (Raco et al., 1999). However, since the publication of the “Back 
to Sleep” campaign by the American Academy of Pediatrics (Pediatrics, 1992) estimates 
of plagiocephaly have increased to as many as 1 in every 60 live births 
(ScienceDaily.com, 1999). There are however, few studies that address incident rates for 
alternative etiologies of plagiocephaly. Consequently, it should be noted that while there 
has certainly been an increase in the reported cases of plagiocephaly since the release of 
the “Back to Sleep” campaign, the question remains whether awareness of plagiocephaly 
has to some extent also increased.
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This study proposes that the need to identify children with plagiocephaly who are at 
risk for neurodevelopmental delay is important for two reasons. First, the etiology of the 
plagiocephaly is often not evident at the time of referral, thus neurodevelopmental 
screening is important to inform whether the infant is at risk for neurodevelopmental 
delay. Second, there is a paucity of studies that address whether plagiocephaly, regardless 
of etiology, renders a child at risk for neurodevelopmental delay. Consequently, the need 
for screening children with plagiocephaly is, at least in part, proposed on the tenet that 
some of the etiologies that contribute to plagiocephaly may indeed place this population 
at increased risk for delay. As such, the need for efforts to identify which children may 
potentially be at risk for delay is necessary.
Medical/Biological Etiologies
Prematurity
Prematurity presents elevated risk for plagiocephaly for several reasons. First, during 
the last ten weeks of pregnancy the firmness of the infant’s cranial bones increase 
significantly, assisting the infant’s ability to protect against deformation. As such, when 
an infant is born premature his head is more malleable and thus even more susceptible to 
deformation. Second, it is typical for premature infants to exhibit physical delays that can 
affect their ability to naturally reposition themselves during sleep. Finally, premature 
infants often require assistance of a respirator which necessitates placing their heads in 
static or artificial positions. While it is typical for their heads to be alternated from side to 
side, the resultant plagiocephalic presentation is an elongated and narrow head shape. 
Restrictive Intrauterine Environment
In circumstances where a restricted intrauterine environment contributes to
plagiocephaly, the fetus does not have sufficient room to move and as such is “stuck” in 
the same position. This can result in external pressure to a cranium at a time when it is 
more malleable and thus susceptible to deformation. Restricted movement can be due to a 
large fetus, multi-birth pregnancy, a small or malformed uterus, excessive amniotic fluid
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or insufficient amniotic fluid. Breach presentation can also result in a plagiocephalic birth
in that the infant is also stuck in a position for an extended period of time.
Torticollis
The incidence rate of children bom with congenital torticollis associated with 
plagiocephaly is approximately 1 in 300 births (Raco et al., 1999). Congenital muscular 
torticollis is a condition where the neck muscle unilaterally tightens resulting in the 
infant’s head always turning and ultimately coming to rest in the same position onto the 
mattress. However, torticollis can also be the result of a shortened neck muscle resulting 
in the same positional preference. The cause of congenital torticollis could be the result of 
intrauterine positioning, genetic, prenatal injury to the muscle and/or blood supply to the 
neck. It should be noted that torticollis can also develop as the result of positioning, thus 
rendering more of an environmental etiology. However, for purposes of this study, the 
specific etiology for torticollis will not be differentiated. Regardless of its etiology, 
torticollis is generally treated by means of physical therapy with a prescribed series of 
daily stretching exercises, however, in severe cases it may require surgical intervention. 
Craniosynostosis
By definition, craniosynostosis refers to the premature closure of one or more of the 
cranial sutures which often results in craniostenosis, the deformity resulting from such 
premature closure (Miller-Keane, 1992). The cranium is shaped by an integrated 
arrangement of cranial bones (e.g. frontal, temporal occipital and parietal), separated by 
sutures. There are five major sutures involved in the portion of the cranium referred to as 
the calveria. These consist of three paired sutures (coronal, squamosal and lambdoidal) 
and two single sutures (metopic and sagittal).
It is estimated that the overall incidence rate for craniosynostosis is between 1/2000 
to 1/2500 live births, with coronal synostosis being the most common followed by 
sagittal (Lajeunie, Le Merrer, Bonaiti-Pellie, Marchac, & Renier, 1995, 1996). Without 
treatment, the course for craniosynostosis will typically result in severe deformation as
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the result of continued normal growth of the brain. The premature fusion of cranial 
sutures can thus increase pressure to the brain as it continues to expand in normal 
development. Hydrocephaly can be a serious consideration with craniosynostosis and is 
predominantly treated surgically.
When one or more of the cranial sutures fuses prematurely, the cranium begins to 
change shape in order to accommodate growth of the brain. Typically when a suture fuses 
prematurely, the compensatory growth occurs in the same direction as the fused suture 
(Cohen, 1986). For example, the sagittal and metopic sutures run from anterior to 
posterior, consequently, elongation in the same direction would be anticipated in the 
event of premature fusion of these sutures. If only the metopic suture is involved, the 
resulting elongation primarily involves the anterior portion of the calveria which results 
in the characteristic pointing of the forehead referred to as trigonocephaly.
The incidence rate of craniosynostosis is not well known. It is speculated that many 
of the milder forms of craniosynostosis go without identification because they do not 
result in significant developmental delay. Consequently, the predominant number of cases 
where craniosynostosis has been identified typically involve more serious impairment 
and/or are associated with syndromes which lead parents to seek out additional 
intervention. For this reason, it is anticipated that much of the cases seen are subject to a 
self-referral bias (Cohen, 1986). The difference in male to female ratio of 
craniosynostosis is variable however, the sample of documented cases delineates a male 
to female ratio of approximately 2:1. It should be noted that no studies were found that 
conclusively addressed whether there are gender differences in the type and/or severity of 
involvement.
The course of craniosynostosis is dependent on the type and extent of involvement. 
Considerations include whether the synostosis is determined to be syndromic or non- 
syndromic. Nonetheless, there are no definitive studies that address whether children with 
craniosynostosis are differentially at risk for neurodevelopmental delay. There are some
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factors that contribute to the paucity of statistically significant data. First, many studies 
are confronted with samples that are either too small to obtain statistical significance 
(Sidoti, L., L., & J., 1996; Speltz, Endriga, & Mouradian, 1997). Other studies are limited 
by the type of measures used (Sidoti et al., 1996) and whether the instruments provide 
accurate measures of the construct in question (K. A. Kapp-Simon, 1998).
Despite similar problems with methodology, some studies have suggested that there 
is an increased risk for learning disabilities in children with craniosynostosis (Abe, Ikota, 
Akino, Kitami, & Tsum, 1985; Bottero, Lajeunie, Arnaud, Marchac, & Renier, 1998; 
Sidoti et al., 1996). However, there is serious question as to the presence of other 
moderating factors that may also influence mental development. Among the factors 
mentioned is age at the time of surgery, degree and extent of intracranial pressure, family 
environment, perinatal asphyxia and seizure disorder. Whereas the low number in sample 
size prevents making a more definitive correlation between non-syndromic 
craniosynostosis and developmental delay, the number of independent reports supporting 
the presence of some degree of cognitive and/or behavioral problems makes it difficult to 
accept the premise that non-syndromic craniosynostosis does not increase the risk for 
developmental delay. However, longitudinal studies with more extensive methodologies, 
especially in the concentration of assessment are warranted.
Even though there is no consensus as to the nature and extent of neurodevelopmental 
risk in children with craniosynostosis, children with this disorder are typically seen as 
falling at an increased risk for neurodevelopmental delay. This study will address whether 
children with craniosynostosis are at an increased risk for neurodevelopmental delay, and 
what the risk is relative to other groups.
Environmental/Positional Etiologies
Back to Sleep Campaign
In 1992 the American Academy of Pediatrics published a report with 
recommendations to help reduce the incidence of Sudden Infant Death Syndrome (SIDS).
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As a result of this report, the “Back to Sleep” campaign was launched which advised that 
infants should be placed on their back or side when sleeping. In the subsequent years 
after the release of this report, craniofacial clinics around the country reported an increase 
in the incidence of positional plagiocephaly (Turk, McCarthy, Thome, & Wisoff, 1996).
While sleep and resting positions for premature infants are particularly susceptible to 
developing plagiocephaly, full term infants are also at risk for development of 
plagiocephalic deformation if they are subjected to the same sleeping position. The 
dramatic increase of cases of positional plagiocephaly since the publication of the 1992 
report by the American Academy of Pediatrics to change sleeping position in order to 
decrease the incident rate of Sudden Infant Death Syndrome, is largely attributed to this 
report.
Positioning
While sleeping position is indeed a factor in the observed increase of cases for 
positional plagiocephaly, positioning during non-sleep times can also contribute to this.
In fact, it appears that with the release of the “Back to Sleep” campaign parents have also 
been reluctant to allow the infant to spend any reasonable amount of time playing or 
lying on their stomach. This is in part substantiated by parent reports across different 
child clinics where stomach play was consistently lacking in the infants daily routine of 
activities. Additionally, infants who lie idly on their backs for periods of time required to 
promote plagiocephaly, may also suggest that there is decreased interaction with the 
caregiver (K. Freier, personal communication, October 30, 2000). The increased reports 
of positional plagiocephaly, also may suggest the lack of appropriate screening and/or 
intervention that could serve to inform parents on the importance of positioning, 
especially in the early stages of infant development.
Statement of Problem
Children who are referred to craniofacial clinics with a presenting diagnosis of 
plagiocephaly, are generally not provided with developmental screening or early
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intervention services. In part, this is due to plagiocephaly not being regarded as a 
condition that places a child at risk for developmental delay. However, despite the paucity 
of data to the contrary, children with craniosynostosis are more typically provided with a 
developmental screening.
This study is based on the tenet that any level of neurodevelopmental risk in any of 
the groups being studied remains in question. As such, all children in the study will be 
assessed for neurodevelopmental risk status and compared to a non-clinical sample of 
same-aged peers. The proposed research design that will be employed in this study is best 
defined as a single measure cross-sectional design that will compare the developmental 
risk status between three groups of children. The following hypotheses are considered for 
this study.
Research Question #1
Do children who present with plagiocephaly as a group fall at developmental risk as 
measured by the neurodevelopmental screener?
Research Question #2
Do children with non-synostotic plagiocephaly exhibit less risk status for 
neurodevelopmental delay when compared to children with craniosynostosis (synostotic
plagiocephaly)?
Research Question #3
Is there a significant difference in neurodevelopmental risk status between children 
with non-synostotic plagiocephaly, craniosynostosis and a non-clinical sample of age- 
matched peers?
Research Question #4
Does the etiology of non-synostotic plagiocephaly result in any differences for 
observed neurodevelopmental risk status?
Methods
Subjects
Subjects for this study were obtained from sequentially screened infants over the 
course of 18 months from an outpatient, multidisciplinary clinic specializing in the 
assessment and treatment of children with craniofacial deformities. All subjects were 
between the ages of 2 months 16 days and 24 months 15 days at the time that the BINS 
was routinely administered to children referred to the craniofacial team with a presenting 
diagnosis of plagiocephaly or craniosynostosis. This study includes the review of existing 
medical records, including the results of previsoulsy administered neurodevelopmental 
screenings. In addition, a control group consisting of non-clinical, age-matched children 
was obtained from the community. Parents of non-clinical children within the same age 
group were invited to voluntarily participate and were included by sequential entry.
Forms and Measures
Bayley Infant Neurodevelopmental Screener (BINS)
The BINS is a clinician-administered screener that evaluates the infants
Neurodevelopment by assessing four distinct areas. While this instrument has not been 
used or studied as extensively as the BSID-II, it does have sufficient use in medical and 
clinical settings and has been documented to have adequate validity and reliability. The 
areas of assessment include the intactness of neurological functions, receptive functions, 
expressive functions and cognitive processes (NREC). Each area receives its own 
individual score that is subsequently summed to provide a total score. The total score then 
provides a risk category which places the infant at either low, moderate or high risk for 
neurodevelopmental delay. However, the moderate score can be further divided into low- 
moderate and high-moderate risk. The total administration time for the BINS takes 
between 10 to 20 minutes.
This study utilizes the total score with the subsequent risk category assigned a 
number between 1 and 4 with 1 being low risk, 2 being low-moderate risk, 3 being high-
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moderate risk, and 4 being high risk. An expanded overview of the assessment areas is as
follows (Aylward, 1995b):
(N) Basic Neurological Functions!Intactness. This area addresses the neurological 
integrity of the infant’s central nervous system. Observation can provide some of the 
criteria for scoring when relating to abnormal indicators such as drooling and motor 
overflow. Some signs of motor overflow include hand mimicking or mirroring, cortical 
thumb and posturing of the mouth when the hand is in use. Head control and the 
symmetry with which the child moves are other observations within this domain. 
However there are other tasks that require more hands on assessment, specifically in 
determining muscle tone. Hyper or hypotonicity are other risk indicators as to the 
intactness of the child’s central nervous system.
(R) Receptive Functions. Senses and perception are the predominant sources of 
stimuli that reach the central nervous system. Though all of the primary senses are 
sources of stimuli, the BINS primarily focuses on the reception of auditory and visual 
stimuli. During the initial stages of development the distinction of visual and auditory 
stimuli is relatively gross in that it does not demand for high complexity or integration of 
other senses. However, as the child grows older, the complexity of auditory and visual 
reception increases. Auditory processing specifically increases in complexity when the 
child need to not only differentiate sounds, but also begin to process the nuances of 
language (e.g. where’s your bottle? Show me the baby’s hands, etc...).
(E) Expressive Functions. Expressive functions are generally more observable in that 
they lend themselves more towards overt behaviors. The BINS primarily focuses on fine, 
gross and oral motor skills. Expression of fine motor skills includes the quality and 
ability for the child to reach out and grasp. The type of grasp should evolve into more 
smooth and coordinated efforts that progress from a gross grasp to one that utilizes a fine 
pincer grasp. Another observation of expressive function includes the child’s ability to 
manipulate objects with his fingers. Being able to neatly pick things up and rotate and
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even transfer from hand to hand are all expressions of normal motor functions. Eye hand 
coordination also constitutes an important component of development. Gross motor skills 
include the child’s ability to progressively sit without support, crawl and eventually 
ambulate. Finally, development in oral motor skills is important for the child to acquire 
the ability to express vocalizations and eventually verbalize language. However, it should 
be noted that while motor skills are overtly observable cognitive functions could mediate 
part of this development.
(C) Cognitive Processing. Higher order functions are involved in cognitive 
processing that include such constructs as memory, learning and reasoning. The primary 
tasks on the BINS that measure these abilities involve expression of object permanence, 
goal directedness, quality of attention to task and problem solving. However, all of these 
tasks require coordination of a variety of cognitive processes and brain function. 
Cognitive processing is an important area in that it appears to be the most predictive for
identifying delay (Aylward, 1995b).
Procedure
A retrospective review of medical records of sequentially screened patients referred 
to the craniofacial clinic with a diagnosis of plagiocephaly, and who were administered 
the BINS were reviewed to determine developmental risk status as measured by the BINS 
and medical outcomes as determined by the team for each case. Cases were selected on 
the basis of their having a referral diagnosis of plagiocephaly or craniosynostosis over a 
period of approximately 18 months. Cases were excluded if there was a comorbid genetic 
syndrome, or if a BINS was not administered. During their visit to the craniofacial clinic, 
they were administered the BINS and monitored over subsequent visits. The BINS was 
administered by a senior doctoral level psychology student and supervised by a pediatric 
psychologist trained in the administration of the BINS. All screens were scored 
immediately after administration and reviewed by the supervising psychologist. Children 
in the control group were obtained from local preschools and parents who responded to
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flyers (Appendix A) offering free neurodevelopmental screeners. These children did not 
have any known genetic or developmental disability, or other medical condition that 
could adversely influence their performance on the BINS. Subjects were considered for 
inclusion on the basis of sequential referral and parental consent indicating to 
participation on a voluntary basis (Appendix B).
Results
Characteristics of Sample
There was a total of 85 children in the study, 46 in the clinical sample and 39 in the 
non-clinical [control] sample (Table 1.0). There was a total of 50 males and 35 females. 
The control group was comprised of 21 males and 18 females, whereas the clinical group 
was comprised of 29 males and 17 females. Within the clinical group, 37 children were 
identified to have non-synostotic plagiocephaly (plagiocephaly), and 9 with synostotic 
plagiocephaly (craniosynostosis). Of those with plagiocephaly, there were 25 males and 
12 females, while the gender distribution in the craniosynostosis group consisted of 4 
males and 5 females.
Table 1.0: Distribution of cases
Group MaleN Female
Control 39 21 18
Clinical 46 29 17
Plagiocephaly 37 25 12
Craniosynostosis 9 4 5
Total 85 50 35
The mean age of children in this study was 10.21 months. The mean age for children 
in the control group was considerably higher at 12.21 months compared to those in the 
clinical group whose mean age was 8.52 months. Within the clinical group, children with 
plagiocephaly had a mean age of 9.22 months compared to children with craniosynostosis 
whose mean age was 6.89 months (Table 2.0). Of the six age categories on the BINS, 3 to 
4, 7 to 10 and 11 to 15 month-olds had the highest number of cases, with 16 to 20 month- 
olds presenting with the least number of cases. The control sample had the most number 
of cases in the age category of 11 to 15 month-olds. The other age categories within the 
control group had a reasonably proportionate number of cases. Within the clinical group 
there were significantly more children between the ages of 3 to 4 and 7 to 10 months of
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age (13 and 15 respectively). There were a total of 3 subjects in the clinical group 
between the ages of 16 to 24 months, compared to 12 in the control group.
Table 2.0: Mean age and distribution by group and age category
16-20 I 21-243-4 5-6Group Mean 7-10 11-15
Control 12.21 7 5 5 10 5 7
Clinical 8.52 13 6 15 9 1 2
Plagiocephaly 9.22 8 6 12 8 1 2
Cranio synostosis 6.89 5 0 3 1 0 0
Total 10.21 20 11 20 19 6 9
Representativeness of the Sample
The male to female ratio within the non-clinical group is slighter higher for males 
than females. When compared to population norms, this ratio is slightly higher than 
expected, but is approximately normally distributed. Within the clinical group, there was 
more than twice the number of males compared to females. However, when separated by 
plagiocephaly and craniosynostosis, the male to female ratio was greater than 2:1 for 
children with plagiocephaly and nearly 1:1 for children with craniosynostosis. These 
ratios are consistent with the variability observed in the clinical population norms. Within 
the clinical group, the number of children with non-synostotic plagiocephaly was more 
than four times greater than the number of children with craniosynostosis. It is difficult to 
infer to what extent this may or may not be representative of the population given that the 
incidence rate for plagiocephaly has not been conclusively established. However, it is 
reasonable to hypothesize, when considering all types/etiologies of plagiocephaly and 
referral trends to craniofacial clinics, that there would be a significantly higher incidence 
rate for plagiocephaly compared to craniosynostosis. Particularly when considering that 
craniosynostosis is a subset of the plagiocephalic population.
Age was not evenly distributed, particularly within the clinical group. For example, 
there were a disproportionate number of children within the ages of 3 to 4 and 7 to 10 
months of age, and some of the age categories did not have any cases. Specifically, there
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were no cases with craniosynostosis in 3 of the 6 age categories. Additionally, the age 
distribution of cases within the study sample shows that older children were more likely 
to belong to the control group (Table 2.0). This result, however, may reflect that children 
are being appropriately referred to craniofacial clinics earlier.
Operationalization and Distribution of Variables
Subjects were placed in either the clinical or non-clinical group. Children assigned to 
the clinical group were placed in one of two discrete categories: plagiocephaly or 
craniosynostosis. A child with a diagnosis of plagiocephaly without craniosynostosis was 
assigned to the plagiocephalic group. A child diagnosed with craniosynostosis, regardless 
of type, was assigned to the craniosynostotic group and the variable was operationalized 
as nominal. Type of plagiocephaly was obtained from the child’s medical record which 
identified one of three types: positional, deformational or torticollis. It should be noted 
that the distinction of deformational plagiocephaly may be somewhat arbitrary, given that 
such a distinction may be clinically difficult to support conclusively. Nevertheless, the 
medical records reviewed provided this classification system. The type plagiocephaly was 
operationalized as a nominal variable.
The majority of variables from the BINS were operationalized as continuous 
variables. However, age category, risk status and decision to refer for additional testing 
(referral criteria) were operationalized as ordinal variables given they are all in some 
manner progressive. Classification for age category was represented with higher numbers 
indicative of older ages. Risk status was similarly operationalized with higher risk being 
represented by higher numbers. The referral criterion was operationalized utilizing the 
sensitivity/specificity split supported by previous research with the BINS. Under this 
classification children who fall at Low to Low-Moderate risk are not referred for
additional evaluation, whereas children who fall at High-Moderate to High risk are 
referred for additional evaluation due to developmental delay potential.
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Statistical Analysis and Research Questions
Establishing statistically robust analysis between the observed variables in this study 
would require a significantly larger sample size. However, while the correlation data in 
this study may not meet reasonable criteria to suggest statistical significance, there are 
sufficient cases to suggest or infer clinical relevance. Visual analyses of histograms and 
descriptive statistics are used to report trends observed in this sample. Where there were 
not sufficient observations to engage in more involved statistical analysis, chi square 
analysis was conducted. A standardized residual score greater than or equal to 1.65 was 
used to determine statistical significance.
Research Question #1
Do children who present with plagiocephaly as a group fall at developmental risk as 
measured by the neurodevelopmental screener?
A total of 46 clinical subjects, who presented or were referred with a diagnosis of 
either plagiocephaly or craniosynostosis, were included in this study. Of the 46 subjects, 
11 presented with Low Risk, 5 with Low-Moderate Risk, 7 with High-Moderate Risk and 
23 with High Risk (Graph 1.1). When applying the sensitivity/specificity split, 30 (65 
percent) of the children in the clinical sample necessitated referrals for additional 
evaluation and/or intervention.
The mean age of children with a presenting diagnosis of plagiocephaly or 
craniosynostosis was 8.52 (Table 2.0). There were 13 children between the ages of 3 to 4 
months, 6 between 5 to 6, 15 between 7 to 10, 9 between 11 to 15, 1 between 16 to 20, 
and 2 between 21 and 24 months of age. Graph 1.2 suggests that children between the 
ages of 3 to 4 months and 11 to 15 months were least likely to fall at risk for 
neurodevelopmental delay. Children in the 5 to 6 and 7 to 10 month range were at the 
highest risk for neurodevelopmental delay. Between the ages of 16 and 24 months, 2 of 
the 3 subjects fell at risk for neurodevelopmental delay.
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Research Question #2
Do children with non-synostotic plagiocephaly exhibit less risk status for 
neurodevelopmental delay when compared to children with craniosynostosis (synostotic 
plagiocephaly) ?
The total number of children in the clinical group was 46. Of these, 39 were 
diagnosed with plagiocephaly and 9 were diagnosed with craniosynostosis. Within the 
plagiocephalic group, there were 7 who fell at Low Risk, 5 at Low-Moderate Risk, 6 at
High Moderate Risk and 19 at High Risk (Graph 2.1). Of the children with
craniosynostosis, 4 fell at Low Risk, 0 at Low-Moderate Risk, 1 at High Moderate Risk 
and 4 at High Risk (Graph 2.2). When applying the sensitivity/specificity split, 25 of the 
37 children (68 percent) with plagiocephaly were at risk for neurodevelopmental delay, 
compared to 5 of the 9 children (56 percent) with craniosynostosis (Refer to graphs 2.3
and 2.4).
Results suggest that children with non-craniosynostotic plagiocephaly are at risk for 
developmental delay. Table 3.0 provides an overview of chi square analysis where
Table 3.0: Chi sqaure with clinical group as null
BINS Referral Criteria
Group Not At Risk At Risk Total















observed and expected values were analyzed for risk status within the clinical group. 
Results of the chi square analysis demonstrates that there is no statistically significant 
difference in risk status for neurodevelopmental delay between the groups of 
plagiocephaly and craniosynostosis.
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Research Question #3
Is there a significant difference in neurodevelopmental risk status between children 
with non-synostotic plagiocephaly, craniosynostosis and a non-clinical sample of age- 
matched peers ?
The sample in this study consisted of 39 controls and 46 clinical subjects, 37 with 
plagiocephaly and 9 with craniosynostosis. Within the control group, 9 of the 39 children 
(23 percent) fell at risk for neurodevelopmental delay, compared to 5 of the 9 children 
with craniosynostosis (56 percent), and 25 of the 37 (68 percent) children with 
plagiocephaly (Graph 3.1: 2.1 and 2.2). The mean age for the sample was 10.21 months. 
The control group had a mean age of 12.21 months. The clinical sample had a mean age 
of 8.52, with mean age for children with plagiocephaly at 9.22 months and 6.89 months 
for children with craniosynostosis (Table 2.0). Children in the control group had the 
lowest overall proportion of risk for neurodevelopmental delay compared to children in 
the clinical groups (Table 4.0). One exception to this trend was observed in the 11 to 15 
month-old category of children with craniosynostosis; however, there was only one case 
in this category, and it did not fall at risk. The second was in the 21 to 24 month-old 
category where 1 of the 2 children with plagiocephaly was at risk for neurodevelopmental 
delay, compared to 3 of the 7 children in the control group (Graphs 3.2, 2.3 & 2.4).
A chi square analysis was conducted using the proportion of overall risk of the 
control sample as the expected value in the not-at-risk and at-risk categories. Results of 
this analysis were statistically significant in supporting that children with plagiocephaly 
are at increased risk for neurodevelopmental delay (Table 5.0).
Research Question #4
Does the etiology of non-synostotic plagiocephaly result in any differences for 
observed neurodevelopmental risk status ?
Etiology of plagiocephaly was operationalized as a nominal variable with the 
following classification: (1) not specified; (2) positional; (3) deformational; and (4)
Table 4.0: Percent at risk by group and age category
Plagiocephaly Craniosynostosis ControlAge Category At Risk At Risk Percent At RiskPercent Percent
3 of 8 38%3 to 4 Months 2 of 5 40% 0%Oof 7
5 to 6 Months 6 of 6 100% 1 of 5 20%
7 to 10 Months 10 of 12 83% 3 of 3 100% 20%1 of 5
4 of 8 50%11 to 15 Months Oof 1 0% 4 of 10 40%
100%16 to 20 Months 1 of 1 Oof 5 0%
50%21 to 24 Months 1 of 2 3 of 7 43%
Total at Risk 25 of 37 68% 5 of 9 56% 23%9 of 39
Table 5.0: Chi sqaure with control group as null
BINS Referral Criteria
Group Not At Risk At Risk Total
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torticollis. Of the 37 children with plagiocephaly, 1 case did not have an identified 
etiology, 24 were identified as positional plagiocephaly, 8 with deformational 
plagiocephaly and 4 with torticollis (Table 9.0). The single, not specified case fell at risk 
for neurodevelopmental delay. Of those with positional plagiocephaly 15 of the 24 
children (63 percent) fell at risk for neurodevelopmental delay, compared to 6 of the 8 
children with deformational and 3 of the 4 with torticollis, 75 percent for both groups
(Graph 4.1).
Post Hoc Analysis
The research hypotheses for this study did not specifically address the 
neurodevelopmental risk status on the basis of gender. Determining neurodevelopmental 
risk status on the basis of gender, however, is an important consideration as a research 
variable. Post hoc analysis was conducted to determine whether there is a differential risk 
status for neurodevelopmental delay on the basis of gender.
Post hoc analysis for hypothesis 1
Within the clinical sample there were 29 males and 17 females (Graph 1.3). While 
there were more males than females who fell at risk for neurodevelopmental delay, the 
proportion of those falling at risk, based on percentage, was approximately equal. That is, 
19 of the 29 males (66 percent) fell at risk. Of the 17 females, 11 (65 percent) fell at risk 
for neurodevelopmental delay.
Post hoc analysis for hypothesis 2
Table 6.0 provides a breakdown of risk by group assignment and gender. Results 
show that while there were more males than females, the proportion of females at risk for 
neurodevelopmental delay was slightly higher than that of males with plagiocephaly 
(Graph 2.5). Within the group of children with craniosynostosis, there were 4 males and 5 
females, with 3 of the males and 2 of the females falling at risk for neurodevelopmental
delay (Graph 2.6).
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Post hoc analysis for hypothesis 3
When separated by gender, the proportion of children at risk for neurodevelopmental 
delay in the control group was consistently lower compared to children of the same 
gender in the clinical groups (Table 6.0). Males in the control group had a slightly higher 
proportion of risk compared to females. Specifically, 6 of the 21 males in the control 
group were at risk for neurodevelopmental delay compared to 3 of the 18 females
(Graphs 3.1, 2.5 & 2.6).
Post hoc analysis for hypothesis 4
There were a total of 37 children with plagiocephaly, 25 males and 12 females. The 
not specified category consisted of only one male subject. The category of positional 
plagiocephaly had a total of 24 cases, 17 males and 7 females. There were 4 males and 4 
females in the deformational category, and 3 males and 1 female identified with torticollis 
(Graph 4.2). Overall, females were proportionately at slightly higher risk for 
neurodevelopmental delay compared to males (Table 7.0). The male subject in the not 
specified category fell at risk for neurodevelopmental delay. Of those children with 
positional plagiocephaly 10 of the 17 males and 5 of the 7 females fell at risk for 
neurodevelopmental delay. This compares with 3 of the 4 males and females respectively 
with deformational plagiocephaly, and 2 of the 3 males and the 1 of 1 female with
torticollis (Graphs 4.3 & 4.4).
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Table 6.0: Risk status by group and gender
Plagiocephaly Craniosynostosis ControlGender At Risk At RiskPercent At RiskPercent Percent
16 of 25 64% 75%Males 3 of 4 6 of 21 27%
9 of 12 75%Females 2 of 5 40% 3 of 18 17%
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Discussion
The purpose of this study was to determine whether children with plagiocephaly are 
at increased risk for neurodevelopmental delay when compared with children who have 
craniosynostosis and non-clinical children. The sample for this study consisted of 85 
children who were placed in one of three groups. The clinical groups consisted of 37 
children with plagiocephaly and 9 children with craniosynostosis. The control, or non- 
clinical group, was comprised of 39 children. Children in the clinical groups were 
obtained from reviewing medical records of children seen at a craniofacial clinic, and 
who obtained a neurodevelopmental screening. Placement into the plagiocephalic and 
craniosynostotic groups was based on the diagnosis as determined by the craniofacial 
team. Children in the non-clinical group were obtained from the local community based 
on parent’s response to posted brochures inviting voluntary participation in this study.
The gender distribution in the sample consisted of 50 males and 35 females. The control 
group consisted of 21 males and 18 females, a male to female ratio slightly higher than 
expected given the population norms. As a group, the clinical sample consisted of 29 
males and 17 females. However, when divided into synostotic versus non-synostotic 
groups, a difference between the groups was observed. In the plagiocephalic group, there 
were 25 males and 12 females, a ratio that resembles the observed trend of more male 
referrals than female referrals to craniofacial clinics. In the craniosynostotic group, there 
were 4 males and 5 females, a fairly even distribution. Even though there were only 9 
cases with craniosynostosis, the literature suggests that the male to female ratio in 
craniosynostosis is about equal. The trend of children with and without craniosynostosis 
observed in this sample is also representative of the clinical population. However, it is 
difficult to state whether the ratio of synostotic to non-synostotic children is 
representative of this population given that such a comparison has not been found in the 
literature. That is, there are no studies that comment on this ratio or that take into 
consideration the different etiologies of plagiocephaly. For example, there are studies that
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address torticollis, but do not include deformational or positional plagiocephaly. 
Consequently, the gender distribution for the sample of this study approximates the trends 
observed in their respective population norms, with the exception of the control group 
where it was expected that there would have been more males than females.
The age criterion for inclusion in this study required that the children be between 3 
and 24 months of age. The BINS has six different item sets that are divided into six 
discrete age categories. The goal was to obtain appropriate representation of children 
across all age categories. However, for children who had received more than one 
screening in the clinic, only the initial screening was used. As such, it was reasonable to 
assume that the mean age of the population would be younger, at least for those children 
in the clinical groups. As expected, the mean age of children in the clinical groups was 
lower than the mean age of children in the non-clinical group (8.52 and 12.21 months 
respectively). Children in the plagiocephaly group had a mean age 9.22 months compared 
to 6.89 months for children with craniosynostosis. When distributed by age, there were 
relatively equal cases within each age category for children in the control group, with 
slightly more children between the ages of 11 to 15 months of age. Within the clinical 
groups, however, the distribution was not nearly as equivalent. When observed as one 
group, there were two clusters of cases that stood out. One in the 3 to 4 month-olds where 
there were 13 cases, and the other in the 7 to 10 month-olds where there were a total of 
15 cases. In the two categories that account for children between the ages of 16 to 24 
months of age, there were a total of 3 cases. In the clinical groups, there were at total 34 
cases between the ages 3 to 10 months of age, accounting for 74 percent of the cases in 
the clinical groups. In the control group, children between 3 and 10 months of age 
accounted for only 46 percent of the cases. These results appear to reflect that children 
referred with concerns specific to plagiocephaly are being screened at earlier ages, thus 
accounting for some of the difference between the mean ages of the different groups. This
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is a positive finding as early intervention for the clinical group is important and reflects 
early and appropriate referrals to the Craniofacial Team Clinic.
Determination of neurodevelopmental risk status was a fundamental objective for 
this study. Consequently, the Bayley Infant Neurodevelopmental Screener was utilized 
given that it provides a clinical estimate for risk at one of three levels; low, moderate and 
high. However, moderate risk is further divided into two categories; low-moderate and 
high-moderate. This distinction is important when needing to establish a dichotomous 
risk status; that is, determining whether a child is or is not at risk. Children whose score 
places them in either low or low-moderate risk are generally not considered likely to fall 
at risk for neurodevelopmental delay. Conversely, children with scores that place them in 
either the high-moderate or high risk category are considered to be at risk for 
neurodevelopmental delay.
The first hypothesis was to determine whether children with plagiocephaly, without 
controlling for synostosis, are a population that is at risk for neurodevelopmental delay. 
The data shows that of the 46 children in this group, 30 (65%) were at risk for 
neurodevelopmental delay. Results of a chi square analysis strongly suggest that, as a 
group, children with plagiocephaly represent a population that is at increased risk for 
neurodevelopmental delay. While there were not sufficient cases to support more robust 
analysis comparing risk by gender, race and age, review of the data suggests that there is 
a tendency towards risk. For example, 66 percent of males and 65 percent of females in 
the clinical sample were found to be at risk for neurodevelopmental delay. This data 
suggests that children with plagiocephaly are at increased risk for neurodevelopmental 
delay, irrespective of gender. The fact that there does not appear to be a significant 
difference in risk status between males and females with plagiocephaly is not consistent 
with the ratio reported in some of the studies (Mulliken, Vander Woude, Hansen, LaBrie, 
& Scott, 1999). While these results are interesting and appear to suggest that there is no
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difference in neurodevelopmental risk status between males and females, the paucity of 
studies conducted on children with plagiocephaly may also contribute to this discrepancy.
Even when observed by age category, children in the clinical group demonstrated a 
trend towards neurodevelopmental risk across most age categories. The age category with 
the lowest risk incident was the 3 to 4 months of age, where less than 40 percent (5/13) 
were observed to fall at risk for neurodevelopmental delay. The items administered 
during 3 to 4 months of age may, at least in part, account for this trend. For example, 
there are no items that fall under the cognitive domain. Consequently, the majority of 
items address motor development (e.g. “Reaches for suspended ring,” “Holds head erect 
and steady for 15 seconds,” “Adjusts head to ventral position,” demonstrating optimal 
muscle tone in upper and lower extremities, and so forth). As such, it is possible that the 
BINS may not be as sensitive in detecting risk in the plagiocephalic population at earlier 
ages. All other age categories were close to or greater than 50 percent at risk. This study 
suggests that younger children with plagiocephaly appear to be at higher risk for 
neurodevelopmental delay compared to older children, except for children under 4 
months of age. However, this study did not account for intervention, as such it is 
unknown whether risk for neurodevelopmental delay ameliorates with time, or whether it 
is the result of early intervention. However, the disparity in the number of younger and 
older children needs to be considered carefully before inferring a trend towards age and 
risk.
The second hypothesis was to observe if there was any difference in risk between 
children with non-synostotic plagiocephaly (plagiocephaly) and synostotic plagiocephaly 
(craniosynostosis). Given that prior clinical studies have supported that children with 
craniosynostosis are at risk for neurodevelopmental delay (Kathleen A. Kapp-Simon, 
1994), and little clinical concern is provided for other forms of plagiocephaly, it would be 
logical to hypothesize that children with craniosynostosis would be at higher risk for 
neurodevelopmental delay than children with plagiocephaly. However, results of this
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study provides support for the hypothesis that children with plagiocephaly appear to be a 
population that is at increased risk for neurodevelopmental delay. The fact that children in 
the non-synostotic plagiocephalic group presented at higher risk than children with 
craniosynostosis, is particularly significant given that children with craniosynostosis are 
at risk for neurodevelopmental delay and often require surgical intervention (Kathleen A. 
Kapp-Simon, 1994). Such studies have, at least in part, supported the need to intervene 
and monitor children with craniosynostosis in order to ameliorate their risk for 
neurodevelopmental delay. However, studies on the treatment and outcome of 
plagiocephaly have generally focused on more aesthetic outcomes, many studies not 
including developmental measures and/or pre or post treatment (David & Menard, 2000; 
Pollack, Losken, & Fasick, 1997; Poswillo, 1988). One study suggested that children 
with deformation plagiocephaly are at risk for delay; however, this study predominantly 
focused on school-age children (Miller & Clarren, 2000). Because the potential for risk 
has not been definitively established for infants with plagiocephaly, this condition 
continues to be treated predominantly as a cosmetic deformation. For example, the use of 
molding helmets or bands as interventive treatments are considered to be cosmetic and 
not medically necessary, given the belief that children with plagiocephaly is not a group 
at risk for neurodevelopmental delay.
However, the results of this study provide some compelling evidence of risk to the 
larger plagiocephalic population rather than just craniosynostosis per se. In this study, 
children in the clinical group were divided into one of two groups; plagiocephaly and 
craniosynostosis. Determination of type of plagiocephaly (with or without 
craniosynostosis) was based on the diagnosis as determined by the craniofacial team.
Even though there were only 9 children in the craniosynostosis group, the assumption 
would be that they would be at greater risk for neurodevelopmental delay than children 
with plagiocephaly, at least proportionately. However, the data failed to support this. In 
fact, the results of a chi square analysis strongly suggest that children in the
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plagiocephalic group are at significantly higher risk for neurodevelopmental delay than 
are children with craniosynostosis. Unfortunately, the small number of children in this 
study with craniosynostosis made it prohibitive to attempt meaningful comparisons of 
risk based on gender or age. Nevertheless, considering the proportion of children with 
plagiocephaly who are at risk when observed by gender, race and age, the data strongly 
suggests that this is a population at increased risk for neurodevelopmental delay. It is 
important to note that the goal of this study was not to determine which population was at 
greater risk, but rather to establish whether children with plagiocephaly are at risk for 
neurodevelopmental delay.
For the third hypothesis, a non-clinical sample of children from the community, 
within the same geographic region, was obtained and administered the BINS utilizing the 
same procedure/criteria for administration and interpretation as was done with the 
children in the clinical groups. The results suggest that even when compared to a non- 
clinical sample, children with plagiocephaly were at the highest risk for 
neurodevelopmental delay. As expected, the children in the non-clinical group were at the 
lowest risk rate.
However, it is important to note that 23 percent of the children in the control group 
were observed to be at risk for neurodevelopmental delay. In this group, males were at 
slightly higher risk for neurodevelopmental delay compared to females (27 and 17 
percent respectively). Another interesting outcome was that older children appeared to be 
at greater risk than younger children. More specifically, there were 17 children between 
the ages of 3 and 10 months of age, 2 (12 percent) of who fell at risk for 
neurodevelopmental delay. However, of the 22 children between the ages of 11 and 24 
months of age, 7 (32 percent) fell at risk for neurodevelopmental delay. This risk status 
appears high for a non-clinical population; however, it is likely that since inclusion was 
based solely on parents’ willingness to volunteer, it is likely that parents with concerns 
regarding their child’s development were more likely to sign up for the screening.
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The 4th and final hypothesis of this study focused on whether the 
neurodevelopmental risk status of children with plagiocephaly changed when 
differentiated by etiology. Each child was assigned one of the following etiologies: Not 
Specified, Positional, Deformational or Torticollis. There was only one child who did not 
have a specified etiology, the other classifications had 24, 8 and 4 cases respectively. 
Children with positional plagiocephaly were at the lowest risk status with 63 percent of 
the children falling at risk for neurodevelopmental delay, followed by deformational and 
torticollis etiologies with 75 percent of the children falling at risk in each group. Of the 
children with positional plagiocephaly, females were at slightly higher risk for 
neurodevelopmental delay than were males (71 percent compared to 59 percent). The 
outcome that a higher percentage of females with plagiocephaly were at risk when 
compared to males is counterintuitive, given that in clinical populations, males are 
generally considered to be at greater risk. However, one possible explanation may be that 
males are at increased biological risk, and females for environmental risk. For example, 
little girls are more likely to be propped by pillows, spend less time with floor play, and 
play in a ventral position. Nevertheless, whether this is the artifact of small sample size or 
trend that is specific to this population remains to be answered by future studies. While 
children with positional plagiocephaly were at the lowest risk for neurodevelopmental 
delay, it is important to note that over 50 percent were at risk; suggesting a strong need to 
focus on the neurodevelopmental needs of this population. On the basis of environmental 
and biological risks, it could be posited that children with positional plagiocephaly are 
exposed to environmental risks that are proven to be ameliorated simply by repositioning 
(Najarian, 1999). Deformational plagiocephaly and torticollis have a biological risk and 
the potential for the same environmental risk as do children with positional 
plagiocephaly. In such an event, it is plausible that children with deformational 
plagiocephaly as well as those with torticollis may be at risk for “double jeopardy” in
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respect to developmental risk factors. However, additional studies controlling for these
variables are needed.
Given the positive finding for neurodevopmental risk, additional analysis were 
conducted to determine whether performance on the different domians on the BINS 
differentially influenced the observed incidence of risk. A Spearman correlation was 
utilized with referral criteria as the dependent variable and the four domains on the BINS 
as the independent variables. Table 8.0 shows the results of the correlations.
Results of this data suggest that there is a strong and statistically significant 
relationship between the domains of basic neurological functions/intactness (N) and 
receptive functions (R) on the BINS and neurodevelopmental risk (referral criteria) for 
children in the plagiocephaly and craniosynostosis groups. That is, lower scores on these 
domains were strongly related to higher probability for referral due to risk. There were 
moderate to strong relationships between the domains of expressive functions (E) and 
cognitive processing (C) and neurodevelopmental risk; however, they were not 
statistically significant. For children in the control group, the N, E, and C domains had 
moderately strong relatedness to neurodevelopmental risk. These results were also 
statistically signficant.
It is important to note that statistically significant relatedness was obtaind despite a 
relatively small sample size, particularly for children with craniosynostosis. These results 
provide additional support that children with plagiocephaly are at risk for 
neurodevelopmental delay. The fact that children in the craniosynostosis and 
plagiocephaly groups were similarly at risk with respect to domains on the BINS, 
suggests that there may be similarities in neurodevelopmental risk between these two 
groups. That is, the areas of delay may be related. More specifically with respect to 
neurobiological integrity and receptive functions.
Table 8.0: Spearman correlation of risk by BINS domains and group assignment
Plagiocephaly Craniosynostosis Control
BINS Variables Referral Criteria Referral Criteria Referral Criteria
Correlation Coefficient 
Significance (2-Tailed)
BINS N -.558** -.765* -.337*
.000 .016 .036
37N 9 39







-.319BINS E -.448 -.326*
.054 .226 .043
37 9N 39





* Correlation is significant at the .05 level (2-tailed) 
** Correlation is significant at the .01 level (2-tailed)
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Conclusions
Results of this study strongly suggest that children with non-synostotic 
plagiocephaly appear to be at significant risk for neurodevelopmental delay. This 
outcome is impactful because this study found that children with plagiocephaly were at 
high risk for neurodevelopmental delay, even when compared to children with 
craniosynostosis. Interestingly, children with positional plagiocephaly were similarly at 
risk for neurodevelopmental delay as were children with known medical problems (e.g. 
torticollis). Consequently, the clinical significance of this study suggests that children 
with plagiocephaly require monitoring and/or early intervention. Services to children 
with plagiocephaly should be addressed with the same medical importance as are services 
to children with craniosynostosis. To date, intervention for plagiocephaly is considered a 
cosmetic service, not one of medical necessity. This study underscores the importance for 
the medical community to change it’s perspective on plagiocephaly.
It is also important to note that even in a sample of non-clinical children there were a 
significant number of children at risk for neurodevelopmental delay. This serves as an 
important reminder to professionals that work with the pediatric population to develop 
and implement cost-effective procedures for monitoring the development of children. In 
fact, the results of this study suggest that when implemented appropriately, the BINS may 
serve as a clinically-useful and cost-effective tool for monitoring the development of 
children between 3 and 24 months of age, particularly in medical settings.
Limitations
The primary limitations of this study are the size of the sample for children with 
craniosynostosis and the scope of study. That is, this was a retrospective study that 
predominantly accounted for screening data, and did not include assessment data to 
confirm risk status. Future studies need to consider other variables that may include age 
of first visit to the craniofacial cllinic, socioeconomic/sociocultural background,
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interventions recieved by child, and so forth.
While the BINS has been validated as a good instrument to identify children at risk 
for neurodevelopmental delay, it does not screen below the age of 2 months, 15 days, or 
above 24 months, 15 days. As such, continuity for monitoring delay beyond the age of 24 
months becomes a serious consideration. However, the question of whether children with 
plagiocephaly remain at risk after 24 months of age has not been addressed.
Consequently, should future studies find that plagiocephalic children remain at risk 
beyond 24 months of age, alternative screening measures may need to be considered.
Implications
One of the important outcomes of this study is that all groups studied included 
children who were found to be at risk for neurodevelopmental delay. Additionally, results 
of this study suggest that children with plagiocephaly appear to be at increased risk for 
neurodevelopmental delay when compared to children with craniosynostosis and non- 
clinical children. Finally, results of this study suggest that when screened appropriately, 
children at risk can be identified for additional testing and/or early intervention.
Despite the small sample size, the results of this study provides statistically 
significant support that children with plagiocephaly are at significant risk for 
neurodevelopmental delay. The implication for this is significant in that it raises the 
awareness that children with plagiocephaly are not only at risk for neurodevelopmental 
delay, but may be at increased risk compared to children with craniosynostosis. This 
study also highlights the need for additional studies to be conducted to address the 
interventive needs of this population. As more studies provide support for the outcomes 
evidenced in this study, an argument could be made that neurodevelopmental screening 
and monitoring of children with plagiocephaly is a medical necessity.
Future studies also need to address the developmental course of neurodevelopmental 
?risk for children with plagiocephaly. For example, does neurodevelopmental risk resolve 
on its own, or does the child require early intervention in order to ameliorate their risk?
Having the opportunity to monitor this progress in the context of a craniofacial clinic 
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Doctoral candidate is looking for healthy babies between the 
ages of 3 and 24 months to conduct FREE developmental 
screenings. During the screening, your child will be 
presented with a variety of toys and/or objects and will be 
observed on how they respond to the different items. Your 
child’s muscles are also observed by watching how they 








If interested, please contact Jose Fuentes at: 
909-796-9300
Thank you for your cooperation.
This study is part of a doctoral student’s dissertation and is being conducted 
through the Department of Psychology at Loma Linda University. The 
primary investigator and supervisor is Kiti Freier, Ph.D. Dr. Freier can be 
contacted at the 909-558-8725.
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Appendix B
Department of Psychology Letterhead
Informed Consent
Plagiocephaly: Developmental and Medical Outcomes
Dear Parent/Guardian:
You and your child are invited to participate as non-clinical subjects in a research 
study for normal children, comparing their development with that of children bom with 
synostotic and non-synostotic plagiocephaly.
Purpose and Procedures:
The purpose of this research is to study whether giving a brief developmental 
screening test will accurately identify children bom with plagiocephaly who may fall at 
risk for neurodevelopmental delay.
If you choose to participate in this study you will be asked to fill out a one-page 
questionnaire about your child. Your child’s play skills and their muscle development 
will then be tested by a psychology student and supervised by a licensed psychologist.
This testing will take approximately 15 minutes of your time and can be scheduled at 
your convenience. This test can be administered in a doctor’s office or other quiet room 
and requires no special accommodations. During this test, your child will be presented 
with a variety of toys and/or objects (depending on their age) and will be observed on 
how they respond to the different items. Your child’s muscles are also observed by 
watching how they position themselves, crawl and/or walk.
Risks
Your child may become mildly upset or frustrated during the presentation of tasks. If 
this happens, breaks will be provided to help him/her calm down. However, in the event 
that s/he is unable to be focused back on task you will have the following options: (1) 
reschedule testing for a subsequent time, (2) or you may discontinue your participation 
in this study. The committee at Loma Linda University that reviews human studies 
(Institutional Review Board) has determined that the risk resulting from this screening 
form is no greater than day-to-day living.
Benefits
You will be provided with information about how your children's development 
compares to that of other children in the same age range. In the event that additional
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assessment and/or services are warranted, you will be provided with the appropriate 
referrals (such as early intervention programs, school district) in your area. You are also 
provided with the option of having the results of this assessment sent to your child's 
physician.
Additionally, the results of this study will be shared with healthcare providers who 
work with children with plagiocephaly to improve their ability to identify those children 
who fall at risk for neurodevelopmental delay.
Participants’ Rights
Participation for this study is voluntary. Your decision whether or not to participate 
or terminate at any time will not affect your children's present or future medical care.
Confidentiality
All results are strictly confidential. All data is kept in a locked filing cabinet and can 
be accessed only by authorized research personnel. You are provided with the option of 
including the results of this assessment in your child's confidential medical record.
Costs/Reimbursement
There is no cost to you for your children's participation in this study. There will be 
no monetary reimbursement for those participating in this research study.
Impartial Third Party Contact
If you wish to contact an impartial third party not associated with this study 
regarding any complaint you may have about the study, please address your concerns to: 
Patient Representative 
Loma Linda University Medical Center 
Loma Linda, CA 92354 
909-558-4647
This office can direct you on obtaining additional information and/or assistance.
Informed Consent Statement
I have read the contents of this consent form and have listened to the verbal 
explanation given by the investigator. My questions concerning this study have been 
answered to my satisfaction. I hereby give voluntary consent for my child and myself to 
participate in this study. Signing this consent document does not waive my rights nor 
does it release the investigators, institution, or sponsors from their responsibilities. I may 
call Kiti Freier, Ph.D. during routine office hours at 909-558-8725 should I have 
additional questions or concerns.
Consent Copy




□ I choose not to have the results of this study included as part of my child's 
confidential medical record.
□ Please include the results of this evaluation as part of my child's confidential 
medical record.
Signature of Parent/Guardian Date
Signature of Witness
I have reviewed the contents of this consent form and the California Experimental 
Subject's Bill of Rights with the person signing above. I have explained the potential risks 
and benefits of the study.
Signature of Investigator Date
